This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



From (613) 998-3248 



Order # 03642829DP02929214 



Tue Mar 25 15:15:14 2003 



Page 2 of 10 



§ 

1 



i 



If? 



is 



ORIGINAL ARTICLE 



Factors regulating mandibular condylar growth 

A. B. M. Rabie, MSc, CortOttho, PhD, FCDSHK, FHKAM,° and 
U. Hegg, DOS, OdontDr. Cart Comp Orth, FHKAM, FDSRCS b 

Hrnifi Kuttx SAH % China 

Factors regulating condylar growth have not been Identified before. This study was designed to identify a 
series of these factors, such as Sox 9 transcription factor and vascular endothelial growth factor (VEGF), and 
also to correlate the amount ot type X collagen expressed during natural growth to the amount of bone newly 
formed. We used 1 15 Sprague-Dawley rats, 35 days old, in this study. The expression of these factors was 
identified on protein level by using immunostaining. Type X collagen was identified on mRNA and protein 
levels. Sox 9 was expressed by cells in the proliferative layer and by chondrocytes. Type X was expressed 
only by hypertrophic chondrocytes, and its expression precedes the onset of endochondral ossification. 
VEGF is expressed by hypertrophic chondrocytes, and its maximum level of expression precedes the 
maximum level of bone formation. Condylar growth involves a sequence of transitory stages uniquely defined 
by molecules that are intrinsically synthesized by cells in the condyles. {Am J Orthod Dentofadal OrthOD 
2002;122:401-9) 



Much research has been reported concerning 
Lhir development of the mandible, specifi- 
cally the mandibular condyles. 1 " 6 The main 
studies of the past 30 years have dealt will) natural 
growth of the mandibular condyles and growth changes 
during the use of different orthopedic appliances on 
experimental animal?;. 7 " 12 This work included studies 
that identified cellular influences on condylar growth 7 
and the mode of action of growth hormones on different 
varieties of cartilage, 8 and the leading autoradiographic 
studies of Pcirovic et al y ' M on identifying cell prolif- 
eration und DNA synthesis in many treatment modali- 
ties. The work dealt wirh condylar growth on n. cellular 
level, which resulted in several questions that can only 
be answered today on u molecular level. 

Pctrovic and Stuuinann'' hypothesized that "There 
muse be a negative feedback-signal originating from the . 
proximal part of the chondroblastic zone and exerting a 
restraining effect on the precbondroblustic multiplica- 
tion rate." Tn other words, they suggested that condylar 
growth is regulated in part by factors that arc inrrinsi- 
cnlly r.xpnrsscd. As of loduy^most of these regulatory 

Fmni ihc Dnuruucni 6r Onhwtomic*. Fraliy IXsiiiwy. Thr University oT 
Hong Kong. Prince Philip Denial Hi/*piwJ. Hong Kong SAR. 

'tJhair and pnilrtvur. 

Thi* wort wa> MiivortnJ by TKCTi Grants an4 1021)1 wi 

22311. 

Ret«im rrquou w: Dr A. M. Rftbic OnhnifctnilcK. F*nitr> nf JVrvieiry, Tb* 

L'ttivtrsJiY of Hong Kon$. Primx Philip Dental Hotpiul. M 1I(H|»uJ RU. I Urn* 

Kim* SAR. China: c-malL rebie&nku!abUiku.hk. 

NuhmluinJ, Stpwml*; 2001: re*wd ami icccpccd. December 200 J. 

Cupyripht C 2002 by the Amertiam Auwintion at OrtioJrcitiM*. 

0&*9-5-Mh/2(l02/S:t5.U0 + 0 8S1/1257I3 

ikii: 10. t067Anttd^nr)i 1 257 1 A 



tacrois liave not been identified in the condyles, unlike 
the long bones in which many regulatory factors have 
already hrr.n irloniifkyj. 

Several differentiation factors, growth factors, and 
angiogenic mediators have been found to play impor- 
tant mlitx during endochondral ossification of long 
bones. 1 • - 1 Similarly, condylar growrh must be regu- 
lated by u host of orchestrated influences of various 
growth factors and oihcr regulatory factors that are 
endogenously expressed in the condyles. The identifi- 
cation of these factors in the condyles could beJp to 
answer several key questions concerning condylar 
growth: What regulates cellular differentiation in the 
condyles during growth? What triggers the onset of 
canihtge ossification? How docs bone replace cartilage 
in the condyles? What is the nature of the matrix ?>f 
endochondral ossification in the condyle during 
growth? 

In a scries of experiments to identify the master 
transcription factor* lhai control the differentiation of 
mesenchymal cells into chondrocytes during develop- 
ment of long bones, it was demonstrated that the 
tranKcription factor Sox 9 is required for chondrocyte 
differentiation and for expression of a series of carti- 
lage -spec ific marker genes including types IF, X, and XI 
collagenas. 22 * 2 * The expression of Sox 9 has not been 
identified in the growing mandibular condyles before. 
To place Sox 9 function during differentiation of 
mesenchymal cells in growing condyles, its expression 
by cells within the condyles should be identified and 
correlated with the cellular events occurring during 
endochondral ossification of the condyles. 

Ouce rn senchyma) cells differentiate into chnndro- 
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cytefc in the condyles, lliey rnalurv. ftmn curl i luge, iind 
express type II collagen, a major component of rhe 
cartilaginous matrix of the condyles. 14 

Chondrocytes later undergo hypertrophy nnrt ex- 
pitfsb type X collagen as do the hypertrophic chondro- 
cytes in the growth plnte cartilage. 15,16 Type X collagen 
has been used ns a marker for endochondral ossification 
of the long bones and the mandibular condyles. 16 * 17 In? 
expression precedes the onset of endochondral ossifi- 
cation, and it forms the matrix of the hypertrophic 
curtilage destined for ossification. Therefore, in this 
study, we correlated the temporal expression of type X 
collagen on molecular and protein levels in the growing 
condyles to die amount of bone expressed during 
condylar growth. 

Osteogenesis (the formation of new hone) and 
angiogenesU (the invasion of nevy blood vessel*) are 
closely correlated. 18 Vasculur endothelial growth factor 
(VEOF), also known as vascular permeability factor, is 
actively responsible for hypertrophic cartilage neovas- 
cularization in long hones by inducing endothelial cell 
migration and proliferation.' 9 Therefore, angiogenesis 
is essential for the replacement of cartilage by bone 
during growth of the long bones. 20 * 21 Horner et al 30 
reported that the presence of numerous small hlnvxl 
vessels and vascular structures in the subchondral 
region where VEG1 ; expression wus maximal indicated 
thai the VEGF produced by hypertrophic chondrocytes 
might be a key to the regulation of vascular invasion of 
the growth plate in long bones. To obtain a better 
understanding of the mechanisms regulating vascular 
invasion at sites of endochondral ossification in the 
condyles* we investigated the expression of the endo- 
thelial cell-specific mitogen, VEGF, by cells of the 
condyles in growing rats. 

The purposes of this study were < I ) to identify the 
cells expressing Sox 9 transcription factor in the con- 
dyles of growing ram and to correlate its expression to 
cellular events occurring during condylar growth. (2) to 
currelale the temporal expression of type X collagen in 
the condyles of growing rats to the amount of bone 
expressed during condylar growth. O) to identify the 
cells expressing VEGF iu the condyles of growing rats 
and to correlate its expression to endochondral ossifi • 
cation of the condyles, and (4) to quantify the amount 
of Sox 9, type X t and VEGF expressed during natural 
growth, hoping to develop a baseline against which 
changes in the condyles during different modalities of 
treatment can be compared in later experiments. 

MATERIAL AND METHODS 

We used 115 female Spragu -Dawley rats, 5 weeks 
of age, in this study. They were divided randomly into 



4 groups, 25 animals per group, except fur the Sox 9 
group, which contained 40 rats. They were fed a soft 
diet and were later killed ut 3b. 42. 49. 59. and 65 days 
of age. 

In situ hybridization with paraffin Kcctions was 
performed with modification as described by Wilkin- 
son 24 and Kwan el al 2!f to determine the spatial expres- 
sion of rype X collagen mRNA transcripts in situ. Sense 
and antiscn.se la- 35 SJ-UTP riboprobes were generated 
by in vitro transcription fmm linearised DNA tempi Lite 
using RNA Polymerase T3, T7, and SP6 in transcrip- 
tion buffer (40 mmol/L Tris-HCl. pH 8.5, 6 mmol/L 
MgCl ? , 2 mmol/L spermidine) with 10 mmnl/I. DTT, 
250 ujnol/L ATP, CTP, GTP. 50 units of Rnasin, 100 
u,Ci |ct-* v \S|-UTP in a total volume of 20 u.L incubated 
at 37 C C for 1 hour. The DNA template was rernoverf hy 
adding 40 units of DNanc I (RNase free) into the 
reaction mixture at 37 °C for 1 hour. Unincorporated 
[u- 3? S]-UTP was removed by column chromatography 
in a Scphadex G50 column. The column was then 
eluted with aliquots of 201) pX of column buffer. A 
total of K aliquot* of 200 u.L cluant were collected into 
individual eppendorf tubes. The radioactivity of each 
tube was determined by liquid scintillation counting. 
The RNA probe was precipitated out from the ru be with 
the highest radioactivity by adding 0.5 volume of 6 
mol/L NH 4 Ac. pH 5.3. and 2 volume of absolute 
ethaool. The riboprobe was collected by centrifugal ion 
(10,000 f> t 30 min at 4°C). washed in 80% ethanul, and 
dried. The labeled riboprobe was resuspended in 0.1 
inol/L DTT lei give u radioactivity of 2 X 10" cpni/u-L 
followed by adding 9 volume of hybridization buffer 
and stored at -2CPC 

The tissue sections were dewaxed and then fixed 
briefly in 4% (w/v in PBS) paraformaldehyde. The 
sections were treated with PK. (20 u,g/mL in TH) for 5 
minules ui facilitate the pcnctnition of riboprob? into 
the sections, washed with PBS for 5 minutes, and fixed 
again with 4% (w/v in PBS) paraformaldehyde for 20 
minutes; then they were ready for hybridization widi 
riboprobe, 

The sense and antisense J -\S-labeled riboprobe dis- 
solved in hybridization buffer were heated a! 80°C for 
3 minutes, and small amounts of each were applied 
onto the pretreated sections on the glass slides, and a 
clean cover slip was placed on the sections to spread the 
riboprobe uniformly. The hybridization was carried out 
in a slide box put into a sealed jar with 50% (v/v) 
deionized formamide and 5X SSC at 50°C for 18 
hours. The slides treated with sense riboprobe served us 
negative controls. 

The hybridisation signal was detected by autora- 
diography by dipping the slide in liquid emulsion K5 
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Fig 1. Magnification of anterior (A), middle (M). posterior (P) regions of condule (C), glenoid fossa 
(G), and articular disk fp) at 36 days of natural growth. 
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Fig 2. Expression of Sox 9 gene In growing rot condyles (natural growth). A, Day 40; B, day 44 
Hypertrophic (H) and proliferative (P) layers. 
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Fig 3. Temporal pattern of expression of Sox 9 in 
proliferative zone of anterior, middle, and posterior 
regions of condyle from day 36 to day 52 during natural 
growth. 

(Ilford Imaging, Paramus. NJ). The. emulsion was 
allowed to dry; rlie ejnuUion-coaied slides were put into 
a slide box, Kealed, and exposed for 7 days at 4°C 
before developing. After exposure, the slides were 
equilibrated to room temperature, and the sections were 
developed in Ilford Phenisol developer tor 2 minutes 
followed by stopping with 0.5% (v/v) aceue acid for 1 
minute and fixing in 30% (w/v) sodium thiosulphate for 
6 minutes. The developed hections were stained for 
histology in hematoxylin and eosin. Sections w re 
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Fig 4. Temporal exprpssion of Sox 9 in hypertrophic 
zone of anterior, middle, and posterior reglonG of con- 
dyle from day 36 to day 52 during natural growth. 

photographed with Kodak Ektachrorne ASA 64 film on 
a microscope under bright-field illumination wirh a blue 
filter. 

ImmunohlBtochomietry 

The primary antibody fur type X collagen was 
provided by Dr G. J. Rucklidge of Rowett Research 
Institute, Aberdeen, Scotland. The antisera raised 
against type X collagen was found not to cross-react 
with other collagen types when tested either by ELISA 
r immunoblotting as reported by Rucklidge. 2 * 
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Fig 5. Expression of type X collagen by hypertrophic 
chondrocytes in growing rat'6 condyles-natural growth 
(courtesey of Quint essence 10 ). 
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Fig 6. Expression of type X collagen by hypertrophic 
chondrocytes in growing rat's condyles during natural 
growth. Immunostaining (arrows) localized in hypertro- 
phic (H) layer, and not expressed in proliferative (H) layer 
or erosion (p) zone, (courtesey of Quintessence™)* 



Research. Mona&h. Australia. After die sections were 
dc waxed and rehydrated, they were Healed in 1** H 2 0 2 
for 10 minutes followed by protease digestion (Protein- 
ase K f Sigma P-6556. 10 ^g/mL). The sections were 
then incubated with normal goat serum (Sigma G9023, 
1:9 diluted with lxTBSh polyclonal rabbit anti-human 
Sox 9 and hi otin -conjugated goat-anti -rabbit IgG (Sig- 
ma B-8895), 1:200 preadsorbed with normal goal 
serum successively euch for 1 hour at 37°C. They were 
washed with PBS between each step. The sections were 
developed in DAB (3.3-diaminobenzidine. Sigma 
D-5637) for 1 minute and counter-stained with Mayer 
hematoxylin for 3 minutes. 

Immunolocalization for the VEGF was performed 
with goat polyclonal IgG prepurutions (Sigma 
V1253). Before adding the primary antibody, the 
antigenic site* were exposed by digestion with tryp- 
sin for 20 minutes at 37°C in 3f* BSA (Sigma). 
Excess buffer was rinsed off. and the primary anti- 
body was applied at a concentration of 2 jtg/mL 
( 1 :50) and incubated overnight at 4 S C in a humiriiiicri 
rim ruber. Fret*, antibodies were removed by washing 
with PBS. and secondary biotin-conjugated rabbi t- 
anti-goat (Dako E0466) antiserum was applied. After 
washing, ihc sections were incubated at 37°C for 3(1 
minutes in ABC reagent (Sircpi ABComplex/HRP. 
Dak«.K0377> and then developed in 0,05%-' DAB 
(3.3-diaminobcnzidine leiruhydrochloride. Sigma 
D5637) Tor 5 minutes. The slides Ave re then counter- 
stained with Mayer hematoxylin, cleaned, and 
mounted with coverslips. 



Quantitative evaluation 

'Irie expression of Sox 9. VEGF. unci type X 
collagen, and the amount of bone newly formed during 
normal growth, were quantified by measuring the area 
of signals and the new bone with a computer-assisted 
image analyzing system (Leica Q5501W. Leica Micro- 
systems Imaging Solutions l^td, Clifton R, Cambridge, 
United Kingdom) with software (Leica Qwin Pro. 
Version 2.2), following the melliod reputed by Rabie 



et ai. 



27 



The secondary antibody used was ami-rabbit IgG- 
peroxidase conjugate preadsorbed with normal fetal 
bovine serum (Sigma Code No. A-4914). Immunoper- 
oxidtisc staining was performed us described by Ruck 
lidge 26 with a slight modificati n. 

Tlie primary antibody for Sox 9 wax provided by Or 
Vincent Harley, Prince Henry's Institute of Medical 



RESULTS 

Sox 9 transcription factor was expressed by cells in 
the proliferative and the hypertrophic zones as shown in 
Figures 1 and 2. Cells in the proliferative und hyper- 
trophic zones in the posterior region of the condyles 
expressed more Sox 9 than in the anterior and middle 
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Fig 7. Temporal pattern of type X collagen mRNA 
expression in condylar cartilage during days 38 to 65 of 
natural growth (in situ hybridization). 




Rg 10. Expression of VEGF by hypertrophic chondro- 
cytes in rat condyles during natural growth. 
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Fig B. Temporal pattern of type X collagen expression 
in condylar cartilage during days 38 to 65 of natural 
growth. 




Fig 11. Localization of VEGF in cells of hypertrophic 
zone. 
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Fig 9. Bone formation in condyles during days 38 to 65 
of natural growth (PAS staining). 



zones of the condyle (Figs 3 and 4). The highest levels 
of expression of Sox 9 were reached on day 44 of 
growth in the proliferative layer and on day 4() in the 
hypertrophic layer (Figs 2-4). 

Results of in sim hybridization and immunostuining 



showed that type X collagen is secreted only by 
hypertrophic chondrocytes CFigs 5 and 6). The staining 
is loculized in the hypertrophic layer t/f). arid no staining 
was identified in die proliferative layer (P) or the resting 
layer (R). The temporal pattern of expression of type X 
collagen mKNA showed tlwr the higliest level of expres- 
sion wits reached on da)' 49 (Fig 7;, whereas that of type 
X collagen molecules was reuehed by day 56 (Fig 8), The 
type X eollugcn expression continued to precede the bone 
formation as shown in Figure 9. 

VEGF was expressed by cells in the upper hyper- 
trophic layer. (Figs 10 and II). The posterior region 
maintained a significantly higher level of VliGF than 
any of the other 2 areas (Hgs 12 and 13). The highest 
level was reached on day 38 followed by a gradual 
decrease. When these results were correlated to the 
temporal pattern of new bone formation, it was appar- 
ent that the highest amouni of blood supply had to be 
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Fig 12. VEQF expression during naturaJ growth. 




Fig 13. Total amount of VEGF expression during natu- 
ral Qrowth. 

reached before ihe greatest amount of new bone formed 
in the condyle during natural growth. 

DISCUSSION 

This Ktudy identified some cellular and molecular 
events that are responsible for key processes governing 
condylar growth. Condylar growth follows a sequence 
of transitory stages that are uniquely defined by mole- 
cules synthesized by undifferentiated mesenchymal 
cells and by differentiating chondrocytes (Figs I -14). 

In the developing rat condyles, mesenchymal cells, 
present in the proliferative layer, express Sox 9 tran- 
scription factor (Fig J). Sox 9 is expressed in all 
cartilage primordial and cartilages coincident with the 
expression of type II collagen, the major collagenous 
framework of cartilage. Ri et al JK demonstrated that, in 
mouse chimeras, Sox 9-deficient mesenchymal cells 
are excluded from all cartilage but are present as 
mesenchymal cells that do not express type II collagen, 
the chondryocyte-specific murker. This clearly points to 
it* essential role in the differentiation of mesenchymal 
cells into chondrocyte*. Therefore, the expression of 
Sox 9 factor by the cells in the proliferative layer points 
to a role in regulating the differentiation of mesenchy- 
mal cells into chondrocytes in the condyles of growing 
rats. Sox 9 transcription factor was also expressed by 
the chondrocytes in the growing rats* condyles (Fig 2). 



Bi et al 2K reported that Sox 9 is required for cartilage 
formalion. In humans. Sox 9 haploinsufficiency results 
in campomelic dysplasia, a severe skeletal malforma- 
tion synd^omc ^ ::!,, ' indicating a critical role for Sox 9 in 
skeletogenesis. Therefore, it* expression by condylar 
chondroctyes points to a similar role in regulating the 
cartilage formation in the growing condyle. Further- 
more, Sox 9 has been found to be a potent activator of 
type II collagen expression by chondrocytes: this is an 
essential component of the differentiation program of 
these cells.*' Type II collagen has been located in the 
mandibular condyles during growth 31 and in different 
mandibular postures.* 42 It is important to identify the 
pattern of Sox 9 because it regulates the condylar 
cartilage formation through regulating the expression of 
its framework, ihe type II collagen. In our study, Sox 9 
was found to be expressed in 36-day-old rals and 
continued to be expressed throughout the examined 
period until day 52 (Figs 3 and 4). A quantitative 
analysis with an image analyzer identified the amount 
of Sox 9 expressed during natural growth to create a 
baseline against which changes in the condyles during 
different modalities of treatment can be compared in 
future experiments. 

After cartilage matrix formation, chondrocytes un- 
dergo hypertrophy; this marks the onset of endochon- 
dral ossification. In the condyles, hypertrophic chon- 
drocytes engage in the synthesis of type X collagen. Its 
Recently, in the Japanese literature, wc reported that 
type X collagen was expressed only by the hypertrophic 
chondrocytes in the growing rat's condyles (Figs 5 and 
6).' 6 In the present study, we correlated the temporal 
expression of type X collagen lo endochondral ossifi- 
cation in the condyles of growing rats (Figs 7-9). A 
close correlation cxisLcd between the expression of type 
X collagen mRNA, protein, and bone formation. The 
maximum level of type X collagen mRNA was reached 
on day 49, followed by the maximum level of type X 
collagen on day 56 (Fig 9). Naturally, the type X 
mRNA maximum level must precede the protein levels 
to allow the time required tor the protein synthesis and 
secretion to the. extracellular matrix. The expression of 
the hypertrophic cartilage matrix, comprised mainJy of 
type X collagen, is closely related to the endochondral 
hone formation naturally occurring during condylar 
growth. These results support the findings of other 
reports showing that the expression of type X collagen 
preceded the onset or endochondral ossification in long 
bones and in fracture repair, 33 - 34 It was proposed that 
type X collagen forms the collagenous framework of 
the hypertrophic cartilage destined for endocliondral 
ossification because it is easily resorbed when com- 
pared with type U collagen. 35 - 1 * This characteristic of 
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Fig 14. Cascade of condylar growth. 
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Fig 15. Temporal pattern of cellular differentiation, 
blood vessel invasion, and bone formation in condyle. 



type X collagen makes ii the ideal type lo form the 
hypertrophic cartilage matrix in growing mandibular 
condyles because it .probably facilitates the removal of 
the hypertrophic cartilage and allows for its replace- 
ment with bone, . 

These results correlated the hypertrophic changes 
that take place in the condylar cartilage to the onset of 
endochondral ossification but did not address u critical 
question: What triggers the ossification of the hyper- 
trophied cartilage matrix in the condyles? 

Neovascularization of the cartilage of the growth 
plate plays a fundamental role in endochondral ossifi- 
cation in long bones. 19 Recent reports demonstrated 
that VEGF is responsible for hypertrophic cartilage 
neovascularization by targeting invading endothelial 



cells/ 1 * The inactivation of VEGF expression sup- 
pressed neovascularization and endochondral hone for- 
mation in the epiphyseal growth plate in mice. The 
reintroduction ol the VEGF caused capillary invasion 
and restoration of bone growth. 37 Theiefore, in rhe 
present study, the localization of VEGF to cells in the 
upper hypertrophic layer in the condyles suggests a rale 
in the vascularization of the hypertrophic zone (Fig 1 1 ). 
Similar to its localization in long bones, VEGF was 
secreted by hypertrophic chondrocytes in The rats' 
condyles (Fig 10). Its temporal pattern -of expression 
was closely related to that of osteogenesis, where the 
highest levels of VEGF expression coexisted with the 
highest levei of bone formation. The explanation is that 
VEGF expression causes subsequent neovasculariza- 
tion that is required to trigger the onset of ossification 
in the hypertrophic condyle cartilage.. The invading 
new blood vessels bring with them nondiffcrcntinted 
mesenchymal cells in the perivascular sites/These 
mesenchymal nclls latex diiTerentiaie into osteoblasts 
that form bone in the growing condyles. Therefore, in 
the present study, the highest level of VEGF is required 
earlier in the process of osteogenesis to provide die 
required pool of osteoprogenitor cells. A detailed ex- 
amination or the temporal pattern of cellular differen- 
tiation, blood vessel invasion, and bone formation in 
the condyle showed that condylar hypertrophic carti- 
lage is not directly replaced by bone, but by marrow, 
vascular tissue, and rcsorptive tissue (Figs 14 and 15). 
Pechak ci al* 8 reported that the dimensions of the 
origiaa| cartilage model exactly define the boundaries 
of the initial marrow cavity. In other words, cartilage 
does not provide the scaffolding on which bone is 
formed but, rather, acts as a boundary and a morpho- 
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lujnc puide Tor vasculature and marrow, "litis is found 
in the condylar cartilage at the junction between the 
hypcrtmphic cartilage and die newly formed bone, a 
zone referred lo in this Mudy as the mineruli&ititm 
Jn/ru. As shown in Figure 15. the rcsorptive tissue and 
tlie vii^L'uliii tissue lie adjacent to the mineralization 
front. This ib because the invading vascular elemems 
arc essential for all bone formation: they contribute to 
regulation of oxygen tension, nutrient accessibility, and 
the production of powerful cytokines that affect the 
osteoblastic lineage directly.'** 

CONCLUSIONS 

As shown in Figure 14. the process of condylar 
growth involves u series of events that can be outlined 
as follows: 

Cells in the proliferative layer express Sox 9 tran- 
scription factor required for the differentiation of mes- 
enchymal cells to chundroblusU. Chondroblasts engage 
in cartilage formation marked by the synthesis of Type 
II collagen, the main type of collagen that forms the 
framework of the cartilage matrix in the growing 
condyle. 

Chondrocytes express Sox 9 transcription factor 
that regulate* the synthesis of type li collagen and 
subsequently affects eundylar cartilage, fnrmnlion. 
These cells continue to mature and progress towards 
hypertrophy. Hypertrophic chondrocytes secrete type X 
collagen, the matrix for the hypertrophic cartilage 
destined for endochondral ossification. Cells in the 
upper zone of the hypertrophic cartilage secrete VfcCJK 
which regulates the neovascularization of the hypertro- 
phic cartilage and influences the removal of the carti- 
lage matrix. 

Erosion of the hypertrophic curtilage continue* us 
neovascularization, and the formation of marrow tissue 
and rcsorptive tissue progresses. The invuding blood 
vessels bring osteogenic progenitor mesenchymal cells 
into the mineralization front and later different] ale into 
osteoblasts and engage in osteogenesis. 

We hope this detailed exposition of the cellular and 
molecular events participating in bone formation pro 
vides the basis for a conceptual model of some key 
events responsible for the growth of a complex tissue 
such as the mandibular condyle. 

The authors express their gratitude to Dr Laveme 
Yip for her assistance with the manuscript and Mr 
Shadow Yeung for preparing the statistics. 
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